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(54) Reduced tormaldeliycte nonwoven binders whieh.eontaln polymerized units of 
N-Mettiylolacrylamide 

(57) The Invention Is the use of a glycollc acid adduct of sodium sulfite as the reducing agent In the redox couple 
for polymerization of vinyl acetate polyrner based emulsions for nonwoven binders which contain fomialdehyde, pri- 
marily from the self-crossHnking co-monomer N-methylolacrylamide. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] Nonwoven webs wliich are conrprised of 
loosely assembled webs or masses of fibers bound to- 
gether with an adhesive binder have many applications. 
These include paper towels, disposable diapers, filtra- 
tion products, disposable wipes, and the like. Vinyl ac- 
etate based emulsions incorporating crosslinkable func- 
tionality are widely used in the preparation of these non- 
woven products. One of the favorite crossllnking sys- 
tems is based upon N-methylolacrylamide. 
[0002] The emission of formaldehyde represents a 
worker safety and health Issue, as well as a consumer 
issue, and there have been significant attempts to pre- 
pare adhesive binders having either reduced fbrmalde- 
hyde content or they are fomriaidehyde-free. Reduction 
of formaldehyde in vinyl acetate based emulsions has 
been achieved by using less favored reducing agents to 
the fonmaldehyde sulfoxylates, or by reducing the level 
of N-methylol acrylamide emptoyed in the adhesive 
binder. Fonnaldehyde-f ree binders eliminate both the N- 
methylol acrylamide and the use of any fonnaldehyde 
emitting reducing agent, i^owever, either method for 
producing vinyl acetate based emulsion polymers for 
nonwoven webs has been done so at the expense of 
perfomnance and cost. 

[0003] Representative patents disclosing adhesive 
binders having a post-curable comonomer such as N- 
methylolacrylamide are as foltows: 
[0004] U.S. 3,081 , 1 97 discloses a nonwoven binder 
Incorporating an internal plasticizer and a post-curable 
comonomer such as N-methyloiecrylamlde. 
[0005] U.S. 3.380,851 discloses a binder comprising 
an interpoiymer of vinyl acetate/ethylene/N-methytoi- 
acrylamide for the preparation of nonwoven goods. 
[0006] U.S. 4,449,978 discloses vinyl acetate/ethyl- 
en e/N-methylolacrylamide/acrylamide systems for pro- 
ducing nonwoven webs. The advantage of using the N- 
methyloiacrylamide/acrylamide blend has been the abil- 
ity to reduce the amount of fomrtaldehyde present In the 
emulsion and in the cured web without a substantial toss 
of performance. 

[0007] U.S. 5,540,987 discloses vinyl acetate/ethyl- 
ene/ N-methylolacrylamido polymers for use in produc- 
ing nonwoven webs having reduced formaldehyde con- 
tent as well as reduced formaldehyde content In the 
cured web. Reduced fomialdehyde content is achieved 
by using a redox system based upon a hydrophobe hy- 
droperoxide and ascorbic acid. These systems resutt in 
fomrialdehyde contents significantly lower than those 
systems produced using a corresponding reducing 
agent incorporating no fomialdehyde such as sodium 
metablsulflte or fomialdehyde emitting reducing agents 
such as sodium formaldehyde sulfoxylate. 
[0008] Several of the approaches to reduced formal- 
dehyde content In nonwoven webs have been directed 



to actually prepare fomialdehyde free nonwoven bind- 
ers. The approaches pursued for the former include the 
use of crossllnkers based upon acrylamidobutyralde> 
hyde dialkyl acetal, the methacrylamide derivative, the 

s cyclized version, methyl acrylamidoglycolate methyl 
ether, allyl glycldyl ether, 3-chloro-2-hydroxypropyf 
(meth)acrylate and acrylamidoglycolic acid. The prob- 
lems with these kinds of crossllnkers for nonwoven bind- 
ers included poorer performance (lower tensile devei- 

10 opment), activation of the crossllnking chemistry at a pH 
which is corrosive to the commercial machinery, the re- 
quirement to use a more expensive and commercially 
unavailable novel self-crosslinking monomer and the in- 
stability of the self-crosslinking monomer 

15 

BRIEF SUMMARY OF THE INVENTION 

[0009] The inventran relates to improved vinyl acetate 
based emulsion polymers incorporating N-methylolacr- 

20 ylamide as a crossllnking component forconstruotion of 
nonwoven webs. The emulsions polymers are prepared 
by emulsion polymerization of vinyl acetate, N-methyl- 
olacrylamlde and optional monomers In the presence of 
a stabilizing system and a redox catalyst system com- 

^5 prised of an oxidizing agent and a reducing agent. The 
Improvement for achieving reduced formaldehyde In the 
emulsion polymer reskJes in the use of a glycolk; acid 
adduct of sodium sulfite (a proprietary reducing agent 
sold under the trademark Bruggollte FF-6) as the reduc- 

^0 ing agent. Lower fomialdehyde levels are achieved in 
contrast to other fomialdehyde free reducing agents 
such as sodium erythorbate and sodium ascorbatei and 
to sodium fonnaklehyde sulfoxylate, or any of the other 
reducing agents typically used in the preparation of a 

35 nonwoven binder employing N-methylolacrylamide as 
the self-crosslinking monomer 
[0010] There are significant advantages associated 
with the use of the glycolic acid adduct of sodium sulfite 
in producing vinyl acetate based emulsion binders con- 

^0 taining N-methyloiacryiamide. They include: 



an ability to generate vinyl acetate-based emul- 
sions which are highly suited for use in preparing 
nonwoven products having substantially reduced 
fomialdehyde levels In the emulsion or latex; and, 
an ability to generate nonwoven products having 
excellent resistance to solvents and water white at 
the same time having excellent adhesion to the fib- 
ers for providing enhanced tensile strength. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0011] The N-methylolacrylamide containing emul- 
sions for use in producing the nonwoven webs are 
S5 based on copolymers of vinyl acetate and N-methylol- 
acrylamide. Typically, these are vinyl acetate/ethylene/ 
N-methylolacrylamide containing polymers, although 
optionally other monomers may be included in the pol- 
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ymer system as desired. The ethylene content will range 
broadly from about 1 0 to 40% and preferably 1 5 to 30% 
by weight, yielding an adhesive having a Tg of from -15 
to 10*»C. Other monomers which may be included in the 
adhesive binder Include vinyt esters of aliphatic carbox- 
yllc acids as well as C^-Cg alkyi acrylates and methy- 
acrylates. Examples include methy lac ry late, methyl 
methacrylate. ethyl acrylate. butyl acrylate, and 2-ethyl- 
hexylacrylaie. Small amounts of potyoletlnicaHy-unsatu- 
rated monomers, e.g., dioctyl and dibutyl maleate. and 
the like may also be used. 

[0012] Confvnerclally, N-methylolacrylamlde used In 
the preparation of vinyl acetate-based nonwoven bind- 
ers is obtained with about a 48% aqueous solution with 
up to about 2% acfylamide. Another type of N-methyl- 
olacrylamide product which may be used herein is an 
N-methylolacrylamide/acrylamide mixture. Often this 
blend is present in a 1:1 molar ratio. Isobutoxy methyl 
acrylamide is an optional crosslinlcerbut is not preferred 
to N-methylolacrylamkle. 

[0013] Monomers other than vinyl acetate and ethyl- 
ene are polymerized in amounts of less than 10% by 
weight and generally even less than 5% by weight. 
These levels are exclusive of the level of N-methylolacr- 
ylamide or of the level of N-methylolacrylamide blend 
used In preparing the emulsion polymer. The crossllnk- 
ing monomer N-methylolacrylamide is generally incor- 
porated at levels of from 0.5 to 10% by weight, although 
typteally levels are from about 1 .5 to 5% by weight of the 
polymer. 

[0014] Stabilizing systems used for preparing the vi- 
nyl acetate based polymers include nonlonic emulsifiers 
such as polyoxy ethylene condensates of the formula 
R-(CH2CH20)n-H wherein R is the residue of fatty ateo- 
hol containing 10 to 18 carbon atoms, an alkyI phenol, 
a fatty acid containing 1 0 to 1 B carbon atoms, an amide 
or amine, and the like. Examples of polyethoxylated 
condensates are based on ethoxylated tridecyl alcohol, 
fatty alcohols, i.e., lauiyl alcohol, octyl phenol, nonyl 
phenol or a secondary alcohol. Furthermore, the stabi- 
lizing package may include sodium vinyl sulfonate, so- 
dium dodecyl benzene sulfonate, dioctyl sulfosuccinate, 
disodium lauryl sulfosuccinate, sodium lauryl sulfate, 
sodium methyl 2-sulfolaurate and the sodium or ammo- 
nium salts of the sulfonates or phosphates of any of the 
above described nonlonic surfactants. Often combina- 
tions of emulsifying agents are used; e.g.. a relatively 
hydrophobic emulsifying agent used in combination with 
the relatively hydrophilic agent. 

[0015] The amount of active surfactants in the stabi- 
lizing system based upon total monomers typically rang- 
es from 1 .5% to 6.0%, preferably from 2.5% - 4.0% by 
weight. The ratio between the individual components in 
the surfactant stabilizing package is one of design. 
[0016] One of the keys to producing the emulsion pol- 
ymers having reduced free fonnaldehyde in the latex as 
well as in the dried cured web is In the initiator system 
used to effect polymerization of the monomers. The in- 



itiator system employed herein is a redox system based 
upon an oxidizing agent and a particular class of reduc- 
ing agents. A wide variety of oxidizing agents may be 
used. Preferably, these oxidizing agents are inorganc 

5 and hydrophobic pcroxkJes, such as hydrogen perox- 
ide, r-butylhydroperoxide and benzoyl peroxide. Ther- 
mal initiators such as the persulfates, e.g., ammonium 
and potassium persulfate, may t>e used. 
[0017] Although nonformaldehyde-contalning reduc- 

10 ing agents, e.g., sodium metabisulfite and ascorbic acW 
or alkali metal salt thereof have been used In the past 
In corrrblnatlon with an oxidizing agent, It has been found 
that a class of sutfinc acid derivatives and particularly 
the glycolic acid adduct of sodium sulfite affords an ex- 

15 ceptional reduction in free formaldehyde content in the 
emulsions as compared to the other nonfomialdehyde 
emitting reducing agents. 

[0018] The sulfink; acid derivatives are represented 
by the formula: 

20 * 
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where M is a hydrogen atom an ammonium atom 
or a monovalent metal Ion, e.g., sodium, potassium or 
an equivalent of a divalent metal, e.g., zinc; is OH or 
NR4R5 wherein R4 and R5 each are H or C^-Ce alkyI; Rg 
35 is H or an alkyI, alkenyl, cycloalkyi or aryl and the like, 
and R3 is COgM . The preferred reducing agent is f omned 
by reacting sodium dithionite with glycolic acid. Other 
examples of sulfinic acid compounds include 2-hydrox- 
yphenyl hydroxymethyl sulfinic acid-sodium salt; 
40 4-methoxyphenyl hydroxymethyl sulfinic acid-sodium 
salt; 2-hydroxy-2-sulfinato acetfc acld-dlsodium salt; 
2-hydroxy-2-sulfinato acetic acW-zinc salt; 2-hydroxy- 
2-suirinato propionatte acid-disodium salt; ethyl 2-hy- 
droxy-2-sutrmato proptonate-sodium salt, and the like. 
45 [0019] This class of reducing agents is the only one 
that seems to offer these significant reductions In vinyl 
acetate-based adhesives for use in preparing nonwo- 
ven products utilizing N-methylolacrylamide as the 
crossllnWng monomer Preferred results are obtained 
50 with the glycolic acid adduct of sodium sulfite which Is 
sold under the trademark Bruggolite FF-6. 
[0020] The initiator system comprised of an oxidizing 
and reducing agent is employed in an amount of from 
about 0.1 to 2% by weight of the total monomers utilized 
55 in the polymerization process. The molar ratto of oxidiz- 
ing agent to reducing agent typically is greater than 1 . 
Conventionally the molar amount of the reducing agent 
used is less than the molar amount of the oxidizing 
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agent. 

[0021] Temperatures for effecting polymerization 
range from about 26 to 86'C with typical polymeriza- 
tions being operated in the range of from 56 to JO^C, 
Reactor pressures range from about 300 to 1200 psig 
and are dependent upon the level of ethylene that Is de- 
sired to be incorporated into the polymer. 
[0022] The manufacture of nonwoven webs is well 
known, and exemplary processes are noted in U.S. 
4,449,978 which is incorporated by reference. Conven- 
tionally a mass of fibers are deposited or arranged on a 
web by an air-laid, etc., technique and then contacted 
with an aqueous polymeric binder in amounts sufficient 
to provide about 10 to 100%, by weight of the emulsion 
polymer, on a dry basis, based on the weight of the start- 
ing web. The water is removed and the polymer 
crosslinked through its self-crosslinking mechanism by 
use of an acid catalyst. Drying temperatures typically 
range from 160 to 200«F for about 4 to 6 minutes fol- 
lowed by a cure of 300 to 31 O^'F for 3 to 5 minutes. 
[0023] A wide variety of fibrous materials may be used 
for preparing nonwoven webs, including cellulosk: fib- 
ers, polyester, polyolefin, polyurethane. etc. Cellulose is 
one of the more common fibrous materials which is used 
for producing paper nonwovens such as disposable dia- 
pers, consumer towels, disposable wipes, and filtration 
products. 

[0024] The following examples are provided to illus- 
trate various embodiments of the Invention and are not 
intended to restrict the scope thereof. 

Example 1 

Polymerization of Vinyl Acetate/Ethylene/N- 
methylolacrylamide Binder Using Glycolic Acid Adduct 
of Sodium Sulfate Reducing Agent 

[0025] The polymerization of various vinyl acetato- 
ethylene/N-methylolacrylamide systems was carried 
out in a one gallon stirred, stainless steel reaction vessel 
equipped with a jacket. The reaction vessel was 
charged Initially with 800.0 g of deionized water, 305.0 
g of sodium octylphenol ethoxylate sulfate, 3EO (sold 
under the trademari< Polystep C-OP3S), 0.91 g of sodi- 
um citrate, 2.4 g of 50% aqueous citric acid, 2.3 g of 5% 
aqueous ferric ammonium sulfate and 1558,0 g of vinyl 
acetate. While stirring, 240.0 g of ethylene was intro- 
duced below the surface of the liquid in the reaction ves- 
sel In order that the Interpolymers wouW have a vinyl 
acetate:ethylene weight ratio of about 80:20. The reac- 
tion vessel was heated to 50 <*C. 
[0026] The following three aqueous solutions were In- 
temiittently added to the reaction vessel over the course 
of the reaction (on a delay basis); (a) 7.5% Bruggolrte 
FF-6, (b) 3.0 % f-butylhydroperoxide and (c) 291 .6 g of 
a 48% aqueous solution of functional monomers (a com- 
mercially available materia) comprised of approximately 
28% aqueous NMA and 20% aqueous acrylamide). Af- 



ter four hours the N-nnethyk>lacrylamide/acrylamide 
(MAMD) delay was complete and the other two delays 
continued for another 30 minutes. The reaction was ter- 
minated by cooling. 

s [0027] The resulting dispersion contained 51 .5% sol- 
Ids, a pH of 5.3, and a Brookfleld viscosity of 1 82 cps at 
60 rpm and a #3 spindle. The glass transition tempera- 
ture, Tg, of the polymer was 8.9 °C. The grit level of the 
dispersion was 156 ppm on a 100 mesh screen and 25 

10 ppm on a 325 mesh screen. 

Example 2 

Comparison of Vinyl Acetate/Ethylene/N- 
^5 methylolacryiamide Binders Using Glyolic Acid Adduct 
of Sodium Sulfate Reducing Agent and Ascorbic Acid 

[0028] Th ree comparative vinyl acetate/ethylen e/self- 
CFOssMnking monomer dispersions were prepared 
^ where the only significant differences to the Example 1 
fonnulation was in the amount of the reducing agent 
used in the redox couple and in the amount of ethylene 
In the resultant polymer. 

[0029] The first vinyl acetate/ethylene/N-methylolacr- 

2S ylamide emulstons polymers were low Tg dispersions, 
-14 'C. The dispersion fonned with the Bruggolite FF-6 
based system gave a fonnaldehyde level of 3.3 ppm 
while the sodium erythortate based system gave a for- 
maldehyde level of 27.2 ppm. 

30 [D030] The second vinyl acetate/ethyl ene/N-methyl- 
olacrylamide emulsion polymers were high Tg disper- 
sions, 10 *'C. The Bruggolite FF-6 based systems gave 
a formakiehyde level of 8.6 ppm while the sodium 
erythorbate based systems gave a formaldehyde level 

33 of 67.1 ppm. 

[0031] The third second vinyl acetate/ethylene/N- 
methylolacrylamide emulsion polymers were medium 
Tg dispersions, 0 ''C, but the level of self-crosslinking 
monomer was 50% higher than either of the other two 

^0 examples. The Bruggolite FF-6 based system gave a 
fomnaidehyde level of 6.8 ppm while the sodium erythor- 
bate based system gave a fomnaidehyde level of 47.5 
ppm. 

[0032] In summary^ these data show that not only 
does the Bruggolite FF6 reducing agent based the pre- 
sumed glycolic acid adduct of sodium sulfite provide ex- 
cellent results in terms of polymerization rates but is also 
more effective in reducing the free fonnaldehyde in the 
emulsion than other fonnaldehyde free reducing agent, 
so ascortjc acid. Lower free formaWehyde content in the 
emulsion may also result in al lower level of free fonnal- 
dehyde level In the final dried and cured nonwoven web. 
Further, the tensile properties and absori^encies of the 
webs produced using the Bruggolite FF-6 reducing 
agent are Indistinguishable one using the ascorbic acid 
as the reducing agent, all other parameters remaining 
the same. 
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Claims 



In a vinyl acetate based polymer based emulsion 
fomied by the polymerization of vinyl acetate and 
N-methylolacrytamide, optionally other monomers, 
In the presence of a stabilizing system and a redox 
catalyst system comprised of an oxidizing agent 
and a reducing agent the improvement for reducing 
fomnaldehyde emissions In the emulsion, which 
comprises: 



7. 



The vinyl acetate polymer based emulsion of Claim 
3 wherein M is sodium or zinc. 

The vinyl acetate polymer based emulsion of Claim 
3 wherein b OH. 



10 



fomfiing said vinyl acetate based polymer emu t- 
sion utilizing as the reducing component of the 
redox catalyst system a reducing agent of the 
fonnula: 




^ere M is a hydrogen atom, an ammonium atom 
or a monovalent metal ion, is OH or NR4R5 
wherein R4 and Rg each are H or C^-Cg alkyi; Rg Is 
H or an alkyI, alkenyl, cycloalkyi or aryl and the like, 30 
and Ra is COaM. 

2. The vinyl acetate polymer based emulsion of Claim 

1 in which the vinyl acetate polymer-based emul- 
sion comprises ethylene in an amount of from about 35 
10 to 40% by weight of the polymer. 

3. The vinyl acetate polymer based emulsion of Claim 

2 wherein the N-methylolacrylamide is present in an 
amount of from about 0.5 to 1 0% by weight of the 4o 
polymer. 



4. The vinyl acetate polymer based emulsion of Claim 
3 wherein the reducing agent represented by the 
fomiula is selected from the group consisting of: 
2-hydroxyphenyl hydroxymethyl sulflnic acid-eodl- 
um salt; 4-methoxyphenyl hydroxymethyl sulflnic 
acid-sodium salt; 2-hydroxy-2-sulf inato acetic acid- 
dlsodlum salt; 2-hydroxy-2-sulflnato acetic acid- 
zinc salt; 2-hydroxy-2-sulfinato propionate acid- 
disodium salt; ethyl 2-hydroxy-2-sulfinato propion- 
ate-sodlum salt. 



5. The vinyl acetate polymer based emulsion of Claim 
4 wherein the vinyl acetate-based emulsion poly- 
mer is fomned using a redox catalytic system of hy- 
drophobic hydroperoxide and the glycolic acid ad- 
duct of sodium sulfonate. 
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